Diagnosis of opportunistic infections caused by Candida spp. requires the isolation and identification of the etiological agents from clinical materials. For this purpose, serological tests that permit the identification of the members of the genus Candida on the basis of their antigenic structures (27, (30) (31) (32) have been devised. The different sera used in commercial kits (Candida Check; latron Laboratories, Tokyo, Japan) are prepared by cross-absorption to avoid problems derived from the existence of common antigens, and most of them are reported to recognize cell wall mannan (9) .
The study of the different strains of Candida has revealed that Candida albicans serotype A has four characteristic antigenic factors, 1, 4, 5, and 6, while C. albicans serotype B has factors 1, 4, 5, and 13b but lacks factor 6 (33) . Candida guilliennondii has three antigenic factors, 1, 4, and 9, the last one being characteristic of this species (27, (30) (31) (32) .
The structure of cell wall mannans from C. albicans is similar to that described for Saccharomyces cerevisiae. The outer chain region involves a backbone moiety consisting of al-6-linked mannopyranose units and branches of oal-2-, oxl-3-, and/or ,B1-2-linked mannopyranose units connected to the C-2 positions of the al-6-linked mannopyranose units. There is also a region composed of ,B1-2-linked oligomannosyl residues linked through a phosphate group to al-2-linked mannopyranose branches of the outer chain moiety (12, 13, (23) (24) (25) (26) . The outer chain and the phosphate-bound moieties can be recognized in the structure proposed by Ballou and coworkers (3, 10) for S. cerevisiae, as shown in Fig. 1 , the main differences being that mannan from Candida spp. is more highly phosphorylated, has longer side chains, and contains (-linked mannose units that are absent in S. cerevisiae (19) .
The exact nature of the epitopes recognized by several of the antisera against Candida antigenic factors remains unclear. Factor 6 has been the most widely studied, since it is the antigenic determinant used to differentiate between serotypes A and B of C. albicans (33) 
branches of the backbone of the outer chain moiety (14) , and it has also been shown that the serotype A-specific determinants are largely involved in the mechanisms of adherence of C. albicans to epithelial cells (18) . Factor 4 has been located in a glycoprotein-rich cell wall layer, and it seems to be altered by exposure to lysozyme (16) , an enzyme that has been described as hydrolyzing the chitobiose bridges between the inner-core mannans and the asparagine residues of mannoproteins (17) . Finally, it has also been found that the phosphate-bound oligomannosyl residues Manp,Bl-(2Manp(31)n2Man (n = 0 to 5) correspond to antigenic factor 5 (22) .
One of the most useful approaches to the study of the structure of antigenic surface determinants is the isolation of mutants that fail to be agglutinated by antisera against individual factors; the rationale behind this approach is that the comparison of the mannan of the mutants and that of the wild-type strain would lead to the identification of the epitopes recognized by the different factor antisera. The basic methodology for isolating mannoprotein mutants was developed by Raschke and coworkers for S. cerevisiae (20) , and it has been successfully used to isolate several cell surface mutants of C. albicans (6, 8, 11, 18, 36) , among them one that is deficient in factor 6 antigenic determinants (18) .
Taking advantage of the similarities between the mannan structures of C. albicans and S. cerevisiae, we have adopted an indirect approach, testing the agglutinability of several well-characterized mnn mutants ( Fig. 1 ) of S. cerevisiae (3) with the different Candida factor antisera, in an attempt to identify the antigenic determinants that are recognized by mannoproteins as described by Ballou and coworkers (3, 10) , with the mannose residues missing in the mnn mutants used in this study indicated.
tached to mannose in al-2 linkages), mnn2 (lacking al-2 mannose branches in the outer portion of mannoproteins), mnn6 (with a reduced number of mannosylphosphate units), mnnl-9 (which contains the mnnl defect and also lacks outer chain elongation), and mnnl-10 (which contains the mnnl defect plus a reduced number of outer chain units) were kindly provided by C. E. Ballou (Department of Biochemistry, University of California, Berkeley). A complete description of the mnn mutants is given in Fig. 1 five times for 1 min. After separation from the glass beads, the cell walls were pelleted (3,000 x g for 10 min) and washed six times in buffer A. To extract noncovalently linked material, cell walls were extracted in 2% sodium dodecyl sulfate at 100°C for 5 min (34) and washed six times in buffer A.
13-elimination of cell walls. Cell walls were resuspended in 0.1 M NaOH containing 15 mg of NaBH4 per ml and incubated at room temperature for 3 days; then they were washed six times with 50 mM Tris-HCl and resuspended in the same buffer at a concentration of 100 mg (wet weight)/ml. This treatment cleaves the O-glycosyl bonds between oligomannosyl chains and serine or threonine residues in mannoproteins (7, 21, 37 ELISA. An enzyme-linked immunosorbent assay (ELISA) was performed as described by Voller et al. (35) , with the following modifications. Wells of Nunc Immunoplate I (A/S Nunc, Roskilde, Denmark) plates were coated with either 50 p,l of cell suspensions (10 cells per ml) or 100 ,ug (wet weight) of cell walls or n-eliminated cell walls in 50 p,l of 0.03 M sodium carbonate buffer (pH 9.6) and incubated at 4°C for 18 h. The plates were rinsed three times with phosphatebuffered saline (PBS) containing 0.05% Tween 20 (PBST) and blocked with PBST containing 1% bovine serum albumin (PBSBT). Factor-specific antisera were diluted with PBSBT to a concentration of 1:800 and added to the appropriate well, and the plate was incubated at 37°C for 1 h in a moist chamber. The wells were then rinsed three times with PBST, and 50 ,ul of a 1:1,000 dilution in PBSBT of goat anti-rabbit polyvalent immunoglobulin conjugated to peroxidase (Bio-Rad) was added to each well. After incubation for experiment, and samples without the first antibody were used as negative controls.
RESULTS
Slide agglutination of the different mnn strains with the factor antisera. Table 1 shows the results of the slide agglutination performed with six different strains (the wild type and five mnn mutants) and antisera against 10 different factors. All strains tested gave a strong reaction with antiserum to factor 1, which is common to all Candida spp., and mnn2 also gave a strong reaction with antiserum to factor 9, which is characteristic of C. guilliernondii, and a weak to moderate positive reaction with factor 11 and factor 34 antisera. Of the rest of the strains, none gave a strong positive reaction with any of the factor antisera, although several of them gave weak and even moderate positive reactions with some of the factor antisera tested (Table 1) .
ELISA ofwhole cells of the different mnn strains with factor 1 and 9 antisera. In order to confirm the slide agglutination results, ELISAs using factor 1 and factor 9 antisera and all the mnn strains were performed. Factors 1 and 9 were chosen because they gave clearly strong positive reactions in the slide agglutination test with all the strains tested (factor 1) or with mnn2 (factor 9). Figure 2a shows the results of the ELISA for all the strains with factor 1 antiserum. As can be seen, the results confirm the slide agglutination test, indicating that the antigenic determinants for factor 1 of Candida spp. are also present in wild-type S. cerevisiae and in all the mnn strains tested. The result of the equivalent ELISA using factor 9 antiserum is shown in Fig. 2b , and it also confirms the result found in the slide agglutination test, with a strong reaction in the case of the mnn2 strain, pointing out the presence on the surface of this strain of the determinants recognized by factor 9 antiserum, which are also present in C. guilliernondii.
ELISAs of control and 1n-eliminated cell walls of the different mnn strains with factor 1 and 9 antisera. To further confirm the results described above, ELISAs were carried out on isolated control and 13-eliminated cell walls of the strains. The aim of the use of 1-eliminated cell walls was to test whether the determinants recognized by factor 1 and factor 9 antisera were in any way related to the O-glycosidically bound oligosaccharides of cell wall mannoproteins. Figure 3a shows the result of the assay using factor 1 antiserum, and as can be seen, 1-elimination clearly affects, to various extents, the reactivities of the isolated cell walls. C.alb., C. albicans; C.guil, C. guilliennondii.
This result seems to indicate that the short O-glycosidically bound chains of mannose are one of the determinants recognized by factor 1 antiserum. Finally, the result for the same assay using factor 9 antiserum shows that there is no apparent contribution of the O-glycosidically bound chains of mannose to the reactivity with factor 9 antiserum (Fig. 3b) .
DISCUSSION
The composition of cell wall mannan is broadly similar in Candida and Saccharomyces spp. (19) . Mannose units are linked through al-6, al-2, al-3 (1, 2, 4, 10, 15, 28) , and, in the case of Candida spp., ,B1-2 (12, 13, (23) (24) (25) (26) linkages. By using several S. cerevisiae mannan mutants (3), each lacking a specific and well-characterized structure (Fig. 1) , we investigated the determinants recognized by factor 1 and factor 9 antisera (27) .
Factor 1 is common to the genera Hansenula, Kloeckera, Pichia, and Saccharomyces (27) , and thus a positive reaction with wild-type S. cerevisiae was expected. The fact that the five mnn mutants tested also gave positive reactions demonstrates that none of the structural features missing in any of them ( Fig. 1) experiment, it can be deduced that the O-glycosidically bound mannose chains are at least partly responsible for the reactivity with factor 1 antiserum shown by all strains. There is not a total inhibition of reactivity after ,B-elimination; this can be explained either by noncompletion of f-elimination or by the existence of other factor 1 determinants besides the O-glycosidically bound mannose chains.
Factor 9 is characteristic of C. guillermnondii and gives a clearly negative reaction with S. cerevisiae in routine tests (27) . Of the five mnn mutants tested, only mnn2 showed strong positive reactions both in the slide agglutination and in the ELISA. The mannan structure of mnn2 is characterized by a long unsubstituted al-6 outer chain backbone (Fig.  1) , which constitutes an antigenic determinant not normally exposed in wild-type S. cerevisiae (5) and which elicits a specific response when injected into rabbits (3). It is then possible to deduce, from the data mentioned above, that the most likely antigenic determinant being recognized by factor 9 antiserum in mnn2, and not in the other mutants or in the wild-type strain, is the unsubstituted al-6 mannose backbone characteristic of mnn2. This conclusion is also consistent with the lack of effect of 13-elimination on the reactivity of mnn2 cell walls.
Of the several other factor antisera that gave a weak to moderate positive reaction in agglutination ( 
